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Instrumentat ion i s  descr ibed  which w i l l  be used f o r  performing a 
millimeter wave propagat ion experiment frorii the  f i f t h  Applicat ions 
Technology S a t e l l i t e  (ATS-E). Videband s i g n a l s  nea r  15.3 and 31.65 G H z  
w i l l  be t r ansmi t t ed  between the spacec ra f t  and s e v e r a l  gro’ .d  s t a t i o n s ,  
and a t t e n u a t i o n  and phase d i s t o r t i o n  e f f e c t s  caused by t h e  atmosphere 
and meteorological  phenomena ( inc luding  r a i n f a l l )  w i l l  be measured a t  
the  r ece iv ing  terminals .  The o v e r a l l  ob jec t ive  is t o  ob ta in  propagat ion 
d a t a  a t  va r i ed  ground l o c a t i o n s  f o r  a wide v a r i e t y  o f  weather condi t ions ,  
i n c l u d i n g  seasonal  va r i a t ions .  
provided by a very s t a b l e  s o l i d  state source which produces a t o t a l  output  
power of approximately 200 mi l l iwa t t s  and which can be phase modulated a t  
The 15.3 GHz spacec ra f t  s i g n a l  i s  t o  be 
a rate of 0.1, 1, 10, o r  50 MHz, producing a c a r r i e r  and two s i g n i f i c a n t  
s idebands nea r ly  equal  i n  l e v e l  t o  the c a r r i e r .  The ‘31.65 GHz ground 
transmitters w i l l  provide 100 t o  200 w a t t s  ou tput  and w i l l  be capable of 
being modulated a t  1, 10, o r  50 MHz t o  provide two s i g n i f i c a n t  s idebands 
i n  a d d i t i o n  t o  t h e  c a r r i e r .  The spacec ra f t  r e c e i v e r  u t i l i z e s  a super- 
heterodyne system which employs dual mixers f o r  redundancy. 
ou tpu t  is fed through a s i g n a l  processor which p e r f o r m  measurements on 
The r e c e i v e r  
- 
- 
the phase and amplitude of t h e  received.  s igna l s .  
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The sa te l l i t e  i s  t o  be placed a t  a s t a t i o n a r y  loca t ion  above the  
P a c i f i c  Ocean i n  a synchronous orb i t .  
beamwidths of approximately 20 degrees,  s u f f i c i e n t  t o  subtend t h e  f u l l  
, earth, including allowances for the l i b r a t i o n s  of the gravity-gradient 
The spacec ra f t  antennas w i l l  have 
s t a b  il i z  a t  ion s ys t em. 
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Mil l imeter  wave f requencies  o f f e r  a promising a r e a  for fu tu re  space corn- 
munication and d a t a  l i n k s  because of such advantages as: wide bandwidth capa- 
b i l i t i e s ,  plasma pene t r a t ion  c a p a b i l i t y ,  reduced spectrum crowding, p o t e n t i a l  
f o r  p r i v a t e  o r  secure l i n k s ,  high-gain/small-aperture antenna c h a r a c t e r i s t i c s ,  
and reduced s i z e  and weight o f  co-mponents. 
The propagat ion parameters o f  i n t e r e s t  i n  ear th-s2ace mi l l imeter  wave 
l i n k s  inc lude  atmospheric absorption, r e f r a c t i o n ,  d i spe r s ion ,  fading, and 
no i se  cons idera t ions .  Associated with these parameters  i s  the  propagat ion 
medium bandwidth l i m i t a t i o n ,  which is of paramount i n t e r e s t  f o r  very wideband 
communication systems. 
are s i g n i f i c a n t l y  d i f f e r e n t  than a t  lower f requencies ,  p r imar i ly  because of 
oxygen and water vapor absorption. Figure 1 i l l u s t r a t e s  t h i s  e f f e c t  f o r  
va r ious  e l e v a t i o n  a n g l e s  and f o r  frequencies up t o  100 GHa. 
The propagation c h a r a c t e r i s t i c s  i n  the  mi l l imeter  band 
The Nat iona l  Aeronaut ics  and Space Adminis t ra t ion (NASA-GSFC) p l a n s  t o  
conduct a mi l l ime te r  wave propagation experiment f rom the f i f t h  Appl ica t ions  
Technology S a t e l l i t e  (ATS-X), f o r  which a launch date  i n  the f i r s t  q u a r t e r  o f  
1969 is  planned. The ob jec t ive  of the experiment i s  'to s t a t i s t i c a l l y  d e t e r -  
mine the propagat ion parameters  that a r e  important  i n  c h a r a c t e r i z i n g  wideband 
ear th-space communication o r  d a t a  l i n k s  a t  K and K bands. This o b j e c t i v e  
U a 
w i l l  be accomplished by t r ansmi t t i ng  s i g n a l s  ( a t  15.3 and 31.65 GHz) between 
a synchronous a l t i t u d e  s a t e l l i t e  a n d  va r ious  e a r t h  te rmina ls  over a per iod  
long enough t o  inc lude  seasonal  changes. Cbr re l a t ing  the measured propa- 
g a t i o n  e f f e c t s  wi th  weather condi t ions  der ived  from r a a o m e t r i c  and r ada r  
measurements w i l l  permit the performance of f u t u r e  l i n k s  t o  be p red ic t ed  
under va r ious  weather conditions.  
The ATS-E s p a c e c r a f t  w i l l  be grav i ty-gradien t  s t a b i l i z e d  s o  t h a t  the 
mi l l ime te r  wave horn antennas are always poin ted  toward the  ea r th .  Each 
horn w i l l  have a beamwidth of 20 degrees which is s u f f i c i e n t  t o  subtend the 
e n t i r e  e a r t h  ( inc lud ing  allowances for  s a t e l l i t e  i n s t a b i l i t i e s )  from syn- 
chronous a l t i t u d e .  P resen t  p l a n s  are f o r  a s t a t i o n a r y  synchronous s a t e l l i t e  
l o c a t i o n  of 150 degrees  west longitude. 
The mi l l ime te r  wave equipment t o  be used i n  the s a t e l l i t e  i s  shown i n  
Figure 2a ( a  15.3 GHz down-link and a 31.65 GHz up-link).  
the propagat ion t e s t  l i n k s ,  c e r t a i n  mi l l ime te r  wave ground s t a t i o n s  w i l l  be 
equipped wi th  15.3 GHz r e c e i v e r s  and 31.65 GHz t r a n s m i t t e r s ,  as shown i n  
Figure 2b. 
l o c a t i o n s  i n  C a l i f o r n i a ,  Texas, and Ohio. 
To complete 
Seve ra l  s i t e s  i n  the United S t a t e s  w i l l  be used, i nc lud ing  
I n  a d d i t i o n ,  a t r anspor t ab le  
s t a t i o n  is planned f o r  use i n  H a w a i i .  
s t a t i o n s  w i l l  be able  t o  receive the 15.3 GHz s i g n a l s  simultaneously,  s i n c e  
t h e  t r a n s m i t t e r  w i l l  be i n  the s a t e l l i t e .  
All of t h e  p a r t i c i p a t i n g  ground 
However, f o r  t he  31.65 GHz up- 
l i n k  the  ground s t a t i o n s  must transmit s equen t i a l ly .  
The experiment w i l l  provide information on the coherence bandwidth of 
the atmospheric medium by t r ansmi t t i ng  a phase modJlated c a r r i e r ,  from the 
s a t e l l i t e .  A phase modulation index of 1.43 i s  employed which provides  equal 
c a r r i e r  and f i r s t  s ideband amplitudes, wi th  l i t t l e  power wasted i n  h ighe r  o rde r  
sidebands. Modulation r a t e s  of l O O k H z , l  MIiz, 10 MHz, o r  50 Mlz may be chosen 
* 
. .  
. .  
r e s u l t i n g  i n  a c a r r i e r  and two sidebands a t  any one time. 
modulation technique (excluding the 100 kHz modulation r a t e )  w i l l  be used i n  
t h e  up-link t r ansmi t t e r .  
t i o n  w i l l  be 100 MEz s o  t h a t  wideband channel c h a r a c t e r i s t i c s  can be determined. 
An up-converter 
A t  the 50 f4Hz modulation r a t e ,  the sideband separa-  
C- 
.% 
. I n  a d d i t i o n ,  the unrnodulated c a r r i e r  (CW s i i n a l )  w i l l  be t ransmi t ted  i f  an i n -  
c reased  SNR i s  desired.  Propagation parameters w i l l  be determined by measuring 
the  i n d i v i d u a l  s i g n a l  amplitudes and the  d i f f e rence  i n  the  phase d i f f e r e n t i a l s  
between each sideband and the ca r r i e r .  Phase locked t r ack ing  r e c e i v e r s  w i l l  be 
used  f o r  both the up-link and txe down-link wi th  narrow ind iv idua l  channel 
bandwidths. Ground commands, v i a  the ATS te lemetry l i n k  ( i . e . ,  from the Mojave, 
C a l i f o r n i a ,  te lemetry s t a t i o n )  w i l l  s e l e c t  the nodula t ion  rate ( o r  no modulation) 
f o r  t he  15.3 GHz down-link. The ground rece iver -s igna l  processor  w i l l  s epa ra t e  
the c a r r i e r  and sidebands,  perform amplitude and phase measurements, and pro- 
vide o u t p u t s  t o  the  d a t a  r educ t ion  equipment (down-link). Up-link measurements 
made by the s p a c e c r a f t  receiver-s ignal  processor  w i l l  be s e n t  t o  the ground 
via the ATS te lemetry l i n k .  
The up-link superheterodyne r ece ive r  de r ives  i ts l o c a l  o s c i l l a t o r  power 
from the down-link transmitter ( s e e  Figure 2a). 
power i s  coupled o f f  and mul t ip l ied  t o  twice the  down-link frequency. 
r e s u l t i n g  w.6 GHz LO i s  used t o  dr ive a balanced mixer ( see  Figure 3 )  which 
A po r t ion  o f  the  transmitter 
The 
conve r t s  the 31.65 GHz up-link s igna l  t o  an I F  of  1.05 GHz. A balanced 
mixer i s  used f o r  redundancy t o  improve r e l i a b i l i t y  rather than t o  improve 
the no i se  f igure.  ( A  single-ended mixer could provide good noise  f i g u r e s  a t  
a microwave IF). 
~. . .  . .  
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The e n t i r e  spacec ra f t  mill imeter wave package, inc luding  antennas,  
K -band t r a n s m i t t e r ,  K -band rece iver  and signal processor ,  weighs about - 
U a 
30 pounds, consumes about 30 wat t s ,  and i s  l e s s  than one cubic f o o t  i n  
U. 
volume. 
state t r a n s m i t t e r  i s  used which provides 200 m i l l i w a t t s  of ‘3 power a t  
Figure 4 i s  a photograph of  the engineer ing model. An a l l  s o l i d -  
K -band and 60 milliwatts per  s p e c t r a l  l i n e  when phase modulated. 
l i n k  system dynamic range of over 20 dB is expected. Because the a l l  
A down- 
u 
s o l i d - s t a t e  t r a n s m i t t e r  r e p r e s e n t s  s ta te -of - the-ar t  equipment, an a l t e r n a t e  
transmitter has  a l s o  been developed us ing  a k lys t ron ,  so l id - s t a t e  power 
supply,  and employing i n  jectiori-locking f o r  s t a b i l i z a t i o n .  Should unfore- 
seen problems develop wi th  the  s o l i d - s t a t e  t r a n s m i t t e r ,  the  k lys t ron  
t r a n s m i t t e r  w i l l  be s u b s t i t u t e d  before the s a t e l l i t e  i s  launched. 
The up-link w i l l  employ 100 t o  200 w a t t  ground t r ansmi t t e r s ,  pe rmi t t i ng  
a dynamic range of over 40 dB a t  K -band. 
power l e v e l s  should permit adequate measurements during even heavy r a i n f a l l  
condi t ions.  
Both the up-link and down-link 
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Figure 2a. ATS-E Millimeter Wave Satellite Equipment 
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Figure 2b. Typical Millimeter Wave Ground Terminal Equipment 
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